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7s A freme building about 108 x 60 x 25 was erected at short 
notice as a temporary addition to the Main Office. A heating 

_ equipment consisting of 1700 sq. ft. of heating surface; a 

60" Sturtevant fan, and air pipes conveying the heated air 


around the building was ordered. But cold weather began before 


the system was completed, and a temporary eight inch cast iron 


«pipe was run down the north side of the building on the floor, 
s and steam turned into it. After the regular system was com- 
Pleted, the condensed steam from the heater was run through 
. this 8" pipe before leaving the building. 
x Exhaust steam from the Plant was used in the heaters and. 
3 complaint was soon made that the building was using more than 
id its share of steam. Permission was given for 4 test with the 
results as shown in the tables. 
™. During the test, only 1158 sa. ft. of heating surface was 
used, in addition to the 232 sq. ft. of eight inch pipe in the 
pbuilding. All of the air was taken from the oustide of the 
building; the exhaust steam was passed through a separator 
pefore entering the heaters, thus insuring dry steam. The 


eondensate from the heaters was weiched after being carried 


4 
is 


through the eight inch pipe. ‘The velocity and temperature of 
the air was taken in the 24" pipe at the outlet of the fan. 
Temperatures were taken at three points outside of the building, 
at the entrance to the heater, at three points in the air pipes, 
(the extreme ends and South West corner) and at twelve points 


in the pbuilding. 
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Before starting the test, readings Were made and conditions 
altered to equalize, as much as possible, the temperatures 
throughout the pbuilding and to keen them constant. 

Wable #1 gives the data in connection with the test. It 


will be noted that althouch there were ninety~four four—-inch 


openings in the air pipes, only forty-five of them were open, 
According to the Sturtevant System, some of these openings point | 
upward at an angle of 45°, put as micht be expected in a building 
of this kind, it was found that this overheated the uover part 
and many of them were closed. Others were closed at various 
points in order to equalize termmeratures. The total area of 
outlet used amounted to 3.93 sq. ft., or about one and one- 
guarter times the area of the 24" opening. This gave an average 
velocity of 29.3 feet per second at the nozzles. Had all of 
them been open, this would have been reduced to 1 ft. per second. 

_ ‘Table #2 gives a log of the test, and Table #3 the mean 
Pakaee for each hour, corrected for errors in calibration of 
the instruments used. Table #4 shows the results obtained, 
which were calculated as follows: | 


= Velocity of Air in ft. per minute at fan outlet 


V = Volume of air introduced in cu. ft. per hour at 
temperature fT 
W = Weight of one cu. ft. of air at temperature = 7 
: S = Specific Heat of air at constant pressure. | 
r = radius of outlet of fan | 
¢ = cubic contents of building d 
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temperature of air leaving fan 

temperature of air entering heater 
temperature of steam in heater 

mean temperature of water in 8" pipe 
temperature of air in building near 8" pipe 
surface of &8* pipe in square feet 


heat units lost per hour per sq. ft. surface of 8* 
pipe, per degree excess in temperature 


weight of steam condensed per hour in pounds 
total heat in steam at temperature = F 
heat in water at 212° F 


heat units taken up by air per hour in passing 
throuch heater | 


Air introduced into building per hour = V 

L x 1r* x 60 

Times per hour air was changed in building = ~ 
Heat units per hour taken up by air passing through 
heater = H 

VY =x of = $) 

Heat units per hour given up by 8" pipe = U 

A x R(T, - tj) 


R was obtained as follows: the temperature of the 


water drawn off from the pipe was constant at 212° F. From 
this it was assumed that sufficient steam was carried into the 


pipe to prevent the water from cooling below this point. 
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_-—-« Memperature of steam at a pressure of 8.2 Ibs. = 235.3° 


Mean temperature of water in pipe = ee + So 223.6° 


Temperature of east iron pipe = 22%3,6° 

Difference between air in building and temperature of pipe = 
2 i 223.6 = 71.7 = 151.9° 

the following is taken from tables by Box, as taken from Kent: 
| H.U. lost by radiation per Your per sq. ft. of surface 


for 1° excess in temperature = 68h 


H.U. lost by convection per hour per sq. ft. 


of surface for 1° excess in temp. = 49S 


Totel — 1.182 
Correction for 151.9° diff. in temperature between air and pipe = 
1.182 x 1.56 = 1.8% | 
| ek = 248% 
a Heat given up by steam = 
- Wo x (h = hy) 
The heat taken up by the air in the heater plus the heat given 


off by the 8* pipe should equal the total heat given up by the 


ss steam, As will be seen from the item "Error in Figures*®, these 
--walues check up with) 1% for the entire test. 


Heat units radiated per hour per sa. ft. of surface per 


degree diff, in temperature = 


H | 
T+ t 
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fhe heat radiated from the building was figured from Wolff's 
Tables given on page 534 of Kent's Engineer's Hand Book, as 
follows: | 
: Heat radiated = S,K(t, ~ t) 
S, = Sa. ft. of surface 
t, = temp. F. inside of building 
t+ = ” " outside of building 


1 sq. ft. of wooden beam construction (flooring—K = .083 
(ceiling K = 4104 
planked over and ceiled (walls K = .300 


2 OG. Tt. OF WanGoWR «. 6 © + es ee oe K =1,03 
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10% was added on the north and west sides as the wind was plowing 
from the northwest. 

Part of the west end wall was omitted from calculation as 
the addition shown in the sketch was separately heated. From 
the table of heat radiation from the building, it will be seen 
that 22% of the total amount as figured from Wolff's Table mist 
be added in order to equal the total heat given up to the build~ 
ing. This is not surprising as the building was hurriedly 
constructed, is entirely of frame and not entirely ceiled. 

The heat given up to the building per hour by the air before 
leaving it = , 

VxWwx S(T ~ t,) 
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The results of the test lead to the following conclusions: 
Phat the building does not take more steam than should be 
expected, though naturally more than 4 well constructed building | 
would. 

What the tables given by most of the Engineering Hand Books 
are conservative. 

That the rated capacity of the fan used was above its 
actual capacity. 

That the method of placing outiet nozzles pointing diagon- 
aliy upward, as well as downward, is not advisable, in buildings 
with high ceilings. 

That to heat with the forced draft system a building 
similar to the one tested, ee ~10% F. to 70° ¥,, would require 
aratio:. of apout 1 sq. ft. of heating surface to 95 cu. ft. 
of contents. 

Prof. Carpenter has given the formula for direct radiation, 


ag 


n | 

hz “ C+ G+ ZH in which 

hz = heat units required per degree difference in temp’ 
between the air in the pbuilding and the outside air | 


| 
~ 
if 


wall surface, in sq. ft. 


G = glass area, do. 


cubic contents 


n = number of times the air is changed per hour 
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Using the same style of forma, combining the figures obtained 
in the test, with Wolff's relationship of heat radiation from 
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thickness of brick wall 
sq. ?t. of frame wall ceiled 


sa. ft. of root 
Belt 
fe 


for the different 
= 


sq. ft. of heating surface 

temp. in building 

temp. of outside air 

tem. of air leaving heater 

temp. of steam used in heater 

total heat per hour required , 

H.U. radiated per hour per sq. ft. of 
‘heating surface per decree difference 


temperature between steam and air — 
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In the test, h, was found to be 4 heat units. This will 
vary with velocity of air and with arrangement of tubes. 


Sturtevant allows considerably more, but it is believed for 


general figures, that 4 is a safe value and should not be exceeded. — 


The value t + tz may be considered as 70,for the values 

2 ; 
of t = 0° and t7 = 140° are generally taken, but if it is 
desired to figure + =-~10°, then it will be found necessary 


to use value for ty = about 150°. 


Therefore §& arene 
n ot oF ’ PS —) 
i. oo yc + G+ tw, + 3F + P= t) 


u(% - 70) 


This formula as figured from the test is correct for office 
puildings. 
For factories, S$ should be miltiplied by of 


for churehes s do. ol 
for large hotels, § do. «0 
for large stores §& do 9 


These values have been obtained from ratios as shown by Kent's 
Handbook; it will be noted, however, that they are subject to 
the same variation due to the exposed or sheltered location 


as spoken of by Kent. 
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